The activity of alcohol oxidase in Aspergillus flavipes was induced by growth on hexadecanol, though highest activities were obtained using a mixture of hexadecanol and olive oil. The enzyme showed a wide range of substrate specificity towards aliphatic primary alcohols from C 8 to C18. The preferred substrate was decanol. The enzyme had an optimum pH of 9.5. It also used cis-unsaturated alcohols better than the tram-isomers. o~,-Hydroxy fatty acids and a,a~-diols were not attacked.
SUMMARY
The activity of alcohol oxidase in Aspergillus flavipes was induced by growth on hexadecanol, though highest activities were obtained using a mixture of hexadecanol and olive oil. The enzyme showed a wide range of substrate specificity towards aliphatic primary alcohols from C 8 to C18. The preferred substrate was decanol. The enzyme had an optimum pH of 9.5. It also used cis-unsaturated alcohols better than the tram-isomers.
o~,-Hydroxy fatty acids and a,a~-diols were not attacked.
INTRODUCTION
Alcohols are intermediates in the microbial dissimilation of alkanes which are then oxidized to aldehydes. Until recently it has been accepted that the oxidation of an alcohol to an aldehyde is catalysed by a long chain specific NAD+-dependent alcohol dehydrogenase [1] . However, the Correspondence to: Cofin Ratledge, Department Of Applied Biology, University of Hull, Hull, HU6 7RX, U.K. oxidation of long chain alcohols to aldehydes involving a fatty alcohol oxidase in yeasts Torulopsis candida, Candida tropicalis, Candida bombicola has been reported [2] [3] [4] [5] [6] [7] and this enzyme appears to be present generally in yeasts grown on alkanes [8] .
The presence of such an alcohol oxidase in filamentous fungi has not yet been reported and, in this paper, we present the first report of the occurrence of this enzyme in a fungus, Aspergillus flavipes, grown on hexadecanol. Some of the properties of the enzyme are described. Cells in the logarithmic phase of growth were harvested by centrifuging and washed twice with cold distilled water to remove residual hexadecanol. The cells were ground with an equal amount of sand in a chilled mortar at 4°C, using 50 mM Hepes buffer (pH 7.5) containing 1 mM dithiothreitol and 1 mM EDTA. Unbroken cells were removed by centrifuging (5 min at 3000 x g) and the supernatant was designated the cell free fraction. Mitochondria and peroxisomes were removed by centrifuging the cell free extract at 20000 x g for 30 min The resulting supernatant fluid was further centrifuged (90 min at 100000 × g), the pellet formed represented the microsomal membrane fraction and was suspended in 50 mM Hepes buffer (pH 7.5).
MATERIALS AND METHODS

Alcohols
Alcohol oxidase activity was assayed spectrophotometrically by a method based on the methanol oxidase assay of Haywood and Large [10] . The assay mixture contained in 3 ml: 33 mM glycine/NaOH buffer (pH 9.5), 0.8 mM ABTS, 65 lag peroxidase, 10 mM fatty alcohol substrate, microsomai membrane fraction (40-100 ~tg protein). The rate of activity was calculated using an absorbance coefficient of 18.4 (at 405 nm) for radical cations of ABTS [Il] with 2 mol of radical cation being produced per mol of substrate oxidised.
Protein concentration was assayed using bicinchoninic acid [12] . Microsomal membrane samples were heated with 0.5 M NaOH for 5 min prior to incubation with the bicinchoninic acid to release membrane-bound protein.
RESULTS AND DISCUSSION
Aspergiilus flavipes showed very poor growth and low activity of fatty alcohol oxidase when hexadeeanol was used as the sole source of carbon. However, the growth and alcohol oxidase activity were induced when the medium was supplemented with olive oil. Of the different concentrations of olive oil tested, 0.3% of olive oil gave the highest induction of alcohol oxidase (Table 1 ). Higher concentrations of olive oil increased the growth of the organism, but the absence of fatty alcohol oxidase activity indicated that the cells were utiliTing olive oil and not hexadecanol. The 10-fold increase in the activity of alcohol oxidase in the hexadecanol grown cells, after adding olive oil, leads us to suggest that the olive oil plays an important role in dispersing and solubilizing the solid hexadecanol and, thus, perhaps allows greater uptake of it into the ceils to induce the enzyme. Olive oil itself did not induce any enzyme activity, though it was a better substrate for cell growth than glucose (Table 1) .
Properties of the alcohol oxidase
The substrate specifity of the enzyme for saturated alcohols (C a to Cls ) is given in Fig. 1 and for other alcohols in Table 2 . Decanol gave the highest activity. There was only a low activity of the oxidase towards hexadecanol, even though the cells had been grown on hexadecanol. This is similar to the report by Kemp et al. [5] who used Candida tropicalis, grown on hexadecane as the sole source of carbon. The activity towards an unsaturated fatty alcohol was higher than the activity observed with the corresponding saturated fatty alcohol. Among the unsaturated fatty alcohols, cis (Z-) fatty alcohols were oxidized pref- Fig. 2 . Effect of pH on the activity of alcohol oxidase. Activity was measured using deca~ol as suhstrate, pH 5-5.5 acetate buffer; 6-7 Na2HPO4,/NaH2PO4 buffer; 7-g.5 Tris/HCI buffer; 9-11 gly¢ine-NaOH buffer. Table 2 Activities of alcohol oxidase towards various unsaturated, erentially over the trans (E-) isomers ( Table 2) . The fatty alcohol oxidase of Candida tropicalis, grown on n-hexadecane, also oxidized unsaturated fatty alcohols more rapidly than the corresponding saturated alcohols [5] . No activity was observed with 10-hydroxydecanoic acid, which had been oxidized by the enzyme from Candida tropicalis [5] but not by that from Candida bombicola [7] . Neither a,o..-diols and secondary alcohols, nor even primary alcohols sterically hindered near the hydroxy group by either a methyl group or a double bond, were attacked, or they were oxidized at a much decreased rate. ~-Bromododecan-l-ol was oxidized, which may indicate that a non-reactive group in the .~-position can be accepted by the enzyme. The enzyme was active over a wide pH range (between 8.5 and 10) with maximum activity at pH 9.5 (Fig 2. ) Like a yeast enzyme [6] , the enzyme was photo-labile: exposure of the enzyme to sunlight for 10 min at 0°C resulted in 60% loss of activity; complete activity was lost after 50 min. No loss of activity was observed in a control sample stored at 0°C for 60 rnin in the dark (Fig.  3) .
The fatty alcohol oxidase of Aspergillusflaoipes, mum activity towards the decanol, rather than dodecanol, and by having an optimum pH for activity at 9.5. The enzyme also shows differences in substrate specificities from the enzyme from C.
tropicalis in that it did not oxidize either a,t0-diols or to-hydroxy fatty acids. The enzyme is similarly distinct from the fatty alcohol oxidase activity of C. bombicola which did oxidize a, 0,'-diols and had a pH optimum of between 7.6 and 8.75. The work presented here on the presence of alcohol oxidase in hexadecanol-grown Aspergiilus flaoipes supports the findings of Kemp et al. [5] who provided an evidence for the involvement of fatty alcohol oxidase in the oxidation of alcohols to aldehydes in alkane-grown Candida tropicalis. It is clear, however, from the results reported so far with the.enzyme from yeasts [5, 7] that the Aspergillus enzyme is distinct in several attributes though, because of its sensitivity to light, must be regarded as belonging to the same class of oxidases.
